The aim of this study was to evaluate the distribution of resting heart rate and its biological and environmental determinants in adolescents. The study was crosssectional and the population consisted of 2230 children and adolescents, age range 12-18 years, enrolled randomly from state schools in Turin, Italy. In all participants the following parameters were evaluated: heart rate, blood pressure (BP), weight, height, degree of sexual development, physical activity, parental socio-cultural level. Heart rate and BP were measured after 5, 10 and 15 min in a sitting position. Furthermore, to obtain regression equations to define heart rate as a function of the other variables available, a multiple regression analysis was performed. In both sexes BP, but not heart rate, declined significantly from the first to the last
Introduction
In recent years evidence has been accumulating that heart rate (HR) and blood pressure (BP) are positively correlated at all ages and in both genders, [1] [2] [3] even after adjustment for the usual confounders. Fast HR also predicts future hypertension in young subjects with normal or borderline elevated BP values. [4] [5] [6] Moreover, HR has been associated with an increased risk of cardiovascular and non-cardiovascular deaths in adult populations. [7] [8] [9] [10] The most important determinant of HR is parasympathetic modulation of the heart, combined with sympathetic efferent influences. Several studies on experimental animals, healthy humans and patients with cardiovascular diseases have shown that sympathetic activation and inactivation are usually associated with increases and reductions in the HR. [11] [12] [13] HR is widely regarded as a simple, although aspecific, marker of sympathetic activity that can have clinical applications. Nonetheless, physicians determination. Heart rate was positively and significantly correlated to BP level in both sexes; heart rate was higher in girls (3 bpm) and followed a progressive decreasing trend with age in both sexes, that was opposite to BP values. Age, sexual maturation, height, physical activity and parental socio-cultural level were independent determinants of resting heart rate. In conclusion, resting heart rate in adolescents is related to several methodological, constitutional and environmental factors that have to be taken into account when assessing heart rate values and constructing tables of normal values. tend to underestimate this evidence and the HR is either ignored or viewed as a benign prognostic sign.
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One of the most important reasons for the underestimation of the importance of HR, is that HR behaviour is highly variable, it may be influenced by several constitutional and environmental factors. HR measurement has not yet been standardised. In fact, no specific guidelines have been given for the assessment of resting HR, consequently its value may be affected by the different methods of measurement, 14, 15 and the adherence to a detailed protocol is necessary to obtain individual values that can be compared with population grids. In adolescence, the assessment of resting HR may be even more difficult due to the particular dynamic of growth in this period, 16 and at present few data exist. [17] [18] [19] [20] This paper is aimed at the examination of the biological and environmental determinants of resting HR in adolescents. From this analysis the factors that should be considered when assessing HR levels in this particular period of life are determined.
Study population
The study population consisted of 2230 students (1204 females and 1026 males, 92% of those recruited), age range 12-18 years. All children were enrolled in Turin state junior high, high and vocational schools, choosing one kind of school for each of the 23 town areas, at random. Two classes from each school were randomly selected and the students evaluated. The population studied consisted of a large percentage of Caucasian children (96%) and 4% of African and Asian, for this reason they were analysed together.
The study was approved by the local education authority. Informed consent was obtained from the students and from a parent or a legal guardian.
Measurements
Two medical teams conducted the clinical examination in the morning, during routine school activity. Procedures were fully explained to the children, who were studied in groups of three to five, to minimise the anxiety level caused by the medical examination.
We evaluated: HR, BP, weight, height, body mass index (BMI), degree of sexual development, physical activity, parental socio-cultural level. BP was recorded according to the Update on the II Task Force guidelines, 21 ie with the child in a comfortable sitting position with the right arm fully exposed and resting on a supportive surface at the heart level; a mercury sphygmomanometer was used with an appropriately sized cuff.
At the same time, three HR measurements (radial pulse) were taken after 5, 10 and 15 minutes of being in a sitting position and the mean was calculated. HR was recorded by a physician over a 1-min period.
Current weight was measured with students without clothes and bare-footed, using an electronic scale.
Height was measured with students bare-footed and using a right angle ruler placed upon the head, against a tape measure secured to the wall.
Degree of sexual development was calculated, after physical examination, by using Tanner indexes of sexual development. For practical reasons, children were classified into three groups: class A (low sexual development) corresponding to Tanner Stage 1; class B corresponding to Tanner 2 and 3; and class C (complete sexual development) corresponding to Tanner stage 4 and 5. 22 Physical fitness was calculated as weekly hours of sport or play activity, including school-time gym classes (in Italy, usually less than 2 h per week).
Parental educational attainment was considered as an index of the socio-cultural level choosing the highest degree of the two parents and creating four groups: group 1 = no educational qualification or primary school; group II = junior high school; group III = senior high school; group IV = graduation.
Data analysis
Statistical analysis was performed using Statistical Analysis System Package (SAS). 23 Means, standard deviations (s.d.) of descriptive statistics were calculated. BP and HR data were presented at first (5 min), third (15 min) and the mean of the three measurements in order to test for the presence of alarm reaction.
Pearson linear correlation was used to analyse the relationship between continuous variables. Multiple regression analysis was performed to explain HR as a function of the biological and environmental variables evaluated. Tanner score, sex and socio-cultural level were considered as dummy variables. Table 1 shows the general features of the population studied. Males were significantly taller, heavier and less sedentary than females and they had significantly higher systolic BP (SBP) values and slower HR than females. Tables 2 and 3 show HR and SBP values obtained at first and third measurement and the mean of the three measurements by gender and age (diastolic BP (DBP) values followed a similar pattern to SBP and have not been shown). HR progressively decreased with age up to the age limit included in the study, in both sexes. At the same time BP followed a quite opposite trend. HR measured at 5 min (first measurement) was significantly higher than that measured at 15 min (last measurement) only in one age group (17 years old), whereas BP measured at 5 min was always signifi- Values are expressed as mean ± standard deviation. *P Ͻ 0.05, males vs females. Values are expressed as mean ± standard deviation. *P Ͻ 0.01 vs HR at 5 min. Values are expressed as mean ± standard deviation. *P Ͻ 0.01 vs SBP at 5 min.
Results
cantly higher than at 15 min in all groups and in both sexes. Figure 1 shows the correlation coefficients between HR and BP by age and gender. HR is directly and significantly related to BP at all ages and in both sexes. Table 4 shows the multiple regression equation prepared to predict HR. Sex (females have 3 bpm more than males), weight but not height (0.1 bpm/kg of weight), age (−1.1 bpm/year of age), physical activity (−0.4 bpm/hour of activity), Tanner score and socio-cultural level were independently and inversely associated to HR values.
Discussion
We conducted a cross-sectional study in order to evaluate factors affecting resting HR in adolescent
Journal of Human Hypertension Figure 1 Correlation coefficients between heart rate and blood pressure by age and gender. age. The sample studied consisted of children from puberty to the end of adolescence. Our results showed that HR measurement is associated to a longer white coat effect than BP. It follows an inverse pattern throughout adolescence in comparison with, and it is positively correlated to, BP. HR is higher in girls and is independently associated to somatic growth indexes, physical activity and sociocultural level.
The HR is highly variable, and in adolescents this variability may be even more increased than in adult age. We have considered two sources of variability: the first is the method of measurement. In particular some methodological sources of variability may be very important: the position of the body, the resting time before the measurement, the duration of the measurement, the way of recording. Since there were no criteria for the measurement of HR, we customised the well standardised protocol for BP measurement of the second Task Force on BP evaluation in children, 21 ie children in a sitting position, three measurements after 5 min of resting. Moreover we considered duration of measurement of 1 min. The sitting position is more practical than the supine one, even though venous pooling of blood in the lower extremities, while the patient is sitting, causes a decrease of the sympatho-inhibition exerted by the cardiopulmonary reflex. Thus, a higher HR is generally expected in sitting position. About the resting time before the measurement, in the majority of the studies the HR was measured after a 5 min rest, whereas a longer time may favour a reduction in the alarm reaction. 24 We tried to assess this methodological problem, by comparing the measurement at 5 and at 15 minutes of both HR and BP. In comparison with BP, there was only a little tendency of HR to follow a specific reduction pattern over time. This pattern confirms the evidence from Mancia et al 24 who demonstrated that, in adults, a doctor's visit is accompanied by an immediate rise in BP and HR, which peak during the early part of the visit and subsequently tend to slowly decline. In children the decline of HR is less evident than BP. This particular pattern may allow some considerations: either there is no significant white coat response, or if such a response exists that it lasts for longer than 15 minutes. However, it is not possible to distinguish the two alternatives from the data presented.
HR was recorded over a 1-min period in order to obtain greater precision, even if a 30-s reading seems also a reasonable choice. 14, 19 Shorter periods seem not to be acceptable. However, HR was not measured for shorter periods in our sample and the comparison is not possible. About the way of recording, the use of radial pulse has been found to be a valid method when compared with ECG measurement. 25 The second important source of variability are the physiological factors, in particular: sex, chronological age, body maturation and physical activity, as for BP levels. 16, 26 As have been demonstrated in adults, 8, 9, 27 HR is higher in girls than it is in boys. This sex-related difference has been found both in economically advanced countries and in undeveloped countries. In our population it is about 3 bpm. Gender differences are independent from body structure (height, and sexual development) and from physical activity, as shown in multiple regression analysis.
An inverse independent association of age to HR through adolescence is well documented, 17, 19, 20 as in adults. 27 As it has been demonstrated for BP, 16, 28 weight and sexual maturation are independent determinants of resting HR values. For this purpose, there is much evidence suggesting that growth-promoting processes stimulate both growth and the maturation of the cardiovascular system thereby raising vascular resistance and arterial pressure. One of the purposed mechanisms is mediated via growth hormone (GH) and insulin-like growth factor (IGF1). [29] [30] [31] The rise of GH and IGF1 is stimulated at puberty by an increase of gonadal and adrenal sex hormones. [32] [33] [34] [35] The close inverse relationship between physical fitness and HR has been demonstrated in previous experimental 36, 37 and epidemiological studies 38, 39 at any age and in both sexes. Physical activity can be regarded as a useful and physiological method for decreasing HR, and its cardioprotective action could be partially explained through the effects on HR. 40 HR was also significantly associated to the degree of parental education. It is difficult to explain this association; it may be related to a higher degree of economicaland social means that can lead, therefore, to higher physical activity and fewer social stressors.
We compared our results with data from Bogalusa 19 (conducted on a biracial population), Philadelphia 17 (African American population) and Heart rate in adolescents F Rabbia et al 331 Chicago 20 (biracial population, and data expressed only as mean ± s.d.). All the studies followed a different methodology for the assessment of resting HR, nevertheless the three studies are comparable (Table 5) ; we found that our population showed faster HR values than African American boys and substantially similar mean values with respect to white children and African American girls.
In conclusion, a systematic quantitative approach toward ascertaining resting HR may be an additional parameter in the study of cardiovascular risk factors in youth as in adulthood. However, although relatively easily measured, HR in adolescents shows an important relationship to various physiological, environmental variables that are to be taken into account. Moreover, adherence to a detailed protocol is necessary to obtain individual values that can be reliably compared.
